Abstract Greater chronic disease burden may decrease quality of life (QOL) of breast cancer survivors. Our objective was to investigate the association between chronic disease burden and QOL in breast cancer survivors at 1 year post-diagnosis. We analyzed cross-sectional data collected 1 year post-diagnosis from a sample of female breast cancer survivors identified from the Missouri cancer registry. We used eight RAND-36 subscales to assess physical, emotional, and social functioning QOL domains. Using Katz's measure of comorbidity, we computed chronic disease burden (0, 1, and 2?). Multivariable general linear models for each QOL subscale were used to examine associations between chronic disease burden and QOL after controlling for potential covariates: sociodemographic, clinical, psychosocial, behavioral risk factors, and access to medical care. Participants (n = 1089) were 58-year old on average (range 27-96) and mostly White (92%), married (68%), had at least a high school education (95%), and had health insurance (97%). Sixty-six percent of survivors had a chronic disease burden score of 0, 17% had 1, and 17% had 2?. Chronic disease burden was significantly associated with each QOL subscale in crude models (P \ 0.001). In fully adjusted models, chronic disease burden was still significantly correlated with six subscales, but not with the emotional well-being and role limitations due to emotional problems subscales. One year post-diagnosis, breast cancer survivors with higher chronic disease burden had lower physical and social functioning than survivors without additional health conditions. These differences were not fully explained by relevant covariates. Identifying modifiable targets for intervention will be critical for improving QOL outcomes among survivors who have other chronic health conditions.
Introduction
The availability of an effective screening test, more effective and less harmful treatments, and better overall access to cancer care has resulted in better outcomes and improved survival after breast cancer diagnosis for many women. In 2007, there were an estimated 2.7 million female breast cancer survivors in the US [1] . As this number continues to grow, attention has expanded beyond the study of factors associated with recurrence and survival to include a focus on understanding the ''continuing care'' phase of the cancer experience and quality of life (QOL) outcomes of cancer survivors [2] .
QOL is a multidimensional construct and includes the subjective evaluation of several important aspects of a person's life including physical functioning, emotional well being, role functioning, and social functioning [3, 4] . QOL after a cancer diagnosis can vary dramatically over time with physical and treatment-related problems occurring most acutely immediately following treatment [5] . A number of studies have shown that breast cancer survivors have lower QOL than non-cancer controls [6] [7] [8] [9] [10] [11] . Although these differences appear to attenuate over time following completion of treatment [12] [13] [14] , other effects of breast cancer diagnosis and treatment such as fatigue, breast symptoms, lymphedema, functional limitations, and psychosocial concerns can persist years after completion of treatment [12, [15] [16] [17] . Numerous studies have identified patient characteristics associated with QOL among female breast cancer survivors at different points during diagnosis and treatment, including age, ethnicity, socioeconomic status, type of treatment, comorbidity, functional deficits, breast symptoms, and fatigue [13, 14, 16, [18] [19] [20] .
Less attention has focused on the independent association of chronic disease burden with QOL among breast cancer survivors despite the high prevalence of chronic conditions among older adults and the impact of existing chronic conditions on type of treatment received [21] , development of disability [15] , prognosis [21, 22] , and survival [23] . QOL following breast cancer diagnosis and treatment may be affected by comorbid conditions in addition to the cancer itself. Chronic health conditions may impact QOL domains individually due to unique physiologic aspects of the specific health condition, but chronic disease burden (having a greater number and/or severity of conditions) may itself be an important influence on QOL among breast cancer survivors because greater chronic disease burden may have already led to decrements in QOL, may exacerbate breast cancer symptoms leading up to or following diagnosis, may affect type of cancer treatments received or effects from treatment, and may impact recovery over time.
The objective of this study was to examine how QOL varies by chronic disease burden across eight QOL domains in a sample of female breast cancer survivors interviewed at 1 year post-diagnosis. A better understanding of the effects of chronic disease burden on QOL postdiagnosis is needed to improve processes of care and maximize QOL among breast cancer survivors at all points during the cancer survivorship continuum.
Methods

Study sample
Missouri women age 25 or older diagnosed with first primary breast cancer during June, 2006 through June, 2008 were identified from the statewide Missouri Cancer Registry. Women were initially recruited by mail. Participants provided informed consent and completed computerassisted telephone interviews 1 year after diagnosis. Women who scored more than 10 on the OrientationMemory-Concentration (OMC) test were excluded [24] .
During the study period, 4020 women with first primary breast cancer were eligible to participate, 675 of whom we were unable to contact after seven attempts. Of the remaining women, 1166 women completed the telephone interview for a participation rate of 34.9 percent. Available cancer registry data of all eligible women showed that nonparticipants were statistically more likely than participants to be older, African American, and to live in the northwest part of Missouri. There was no difference in stage at diagnosis among study participants and those who did not participate. Of the 1166 women who completed the interview, 65 women were excluded because of high scores on the OMC test, and an additional 12 women were excluded because of missing data on one or more covariates of interest. This left a total of 1089 women available for the current analysis.
Measures
QOL
The RAND 36-Item Health Survey 1.0 was used to measure QOL. It contains eight subscales that represent three general areas of health-related QOL: physical, emotional, and social well-being [25, 26] . The subscales include: general health status (5 items), physical functioning (10 items), role limitations due to physical problems (4 items), energy-fatigue (4 items), bodily pain (2 items), emotional well-being (5 items), role limitations due to emotional problems (3 items), and social functioning (2 items). Scores for each subscale were standardized, ranging from 0 to 100, with higher scores indicating better functioning within that subscale [25] .
Chronic disease burden
Katz's validated self-report adaptation of the Charlson comorbidity index was used to measure the presence and/or history of several chronic health conditions [27] . Conditions assessed in this measure included: myocardial infarction, diabetes, congestive heart failure, peripheral vascular disease, stroke, hemiplegia, chronic obstructive pulmonary disease, ulcer disease, renal disease, connective tissue disease, and other conditions such as dementia, liver cirrhosis, and other cancers. We did not include questions about HIV/AIDS as in the original measure. A weighted score is derived for each individual that reflects the presence and severity of the conditions assessed [27] .
Covariates associated with QOL
We examined factors, previously associated with QOL among cancer survivors, as covariates in a potential association between chronic disease burden and the QOL subscales, including: (1) socio-demographic factors, (2) cancer-related clinical factors, (3) access to medical care characteristics, (4) psychosocial factors, and (5) cancerrelated behavioral risk factors [28] . Factors included in the analysis were patterned after other studies among cancer survivors [29] [30] [31] [32] .
Socio-demographic factors included race (white, African American, multiple, other), age at interview, educational attainment (less than high school, high school, more than high school), employment (employed or not), marital status (married or not), and income adequacy. Income adequacy was measured by asking participants whether they felt their household income was comfortable, enough to make ends meet, or not enough to make ends meet.
Cancer-related clinical factors included stage at diagnosis, a surgical side effects index, and types of treatment received. Stage at diagnosis was obtained from the Missouri Cancer Registry. Based on the literature [33] and surgeons' anecdotal reports of patients' complaints after surgery, we developed a five-item measure of breast surgery-associated side effects with higher scores indicating more severe side effects (alpha = 0.74) [34] . The five items included in this side effects measure were: limited arm mobility/frozen shoulder, tightness/tenderness in chest wall, tightness/tenderness/discomfort in breast, arm weakness, and lymphedema of the arm. Treatment received consisted of type of surgery (mastectomy, lumpectomy, both, neither), axillary lymph node removal (yes, no), receipt of chemotherapy (yes, no), receipt of radiotherapy (yes, no), and taking hormonal therapy (Tamoxifen, Raloxifene, or aromatase inhibitors) at the time of the interview (yes, no). Self-reported treatment has been shown to be accurate relative to medical record review [35] .
Access to medical care variables included having health care insurance at the time of the interview (yes, no), being unable to see a doctor during the 12 months before the interview because of cost (yes, no), having a place to go when sick or needing advice about health issues (yes, no), and lacking transportation (yes, no). These items were adapted questions routinely used by the Behavioral Risk Factor Surveillance System (BRFSS).
Psychosocial factors consisted of social support, perceived stress, and depressive symptoms. Four items from the Cohen perceived stress scale were used (alpha = 0.82) [36] . Perceived availability of social support was measured using the Medical Outcomes Study Social Support Survey [37] . Depressive symptoms were measured using the 11-item version of the Center for Epidemiologic Studies Depression (CES-D) scale [38] . This version accurately reproduces the results from the original 20-item CES-D and functions well in community-dwelling subjects [38] . A score of 9 or greater on this version is equivalent to the usual clinically relevant levels of depressive symptoms (CRLDSs) criterion of 16 or greater on the 20-item scale [38] .
Cancer-related behavioral risk factors included current smoking status (current, former, never), participation in physical activity in the past month (yes vs. no), body mass index (BMI) [calculated from self-reported height and weight and categorized into the following categories: normal (\25.0), overweight (25.0-29.9), and obese (C30.0], and alcohol use during the past month (B1 drink per day vs.
[1 drink per day) [39] . These items were adapted from questions routinely used by the BRFSS.
Statistical analysis
Standard statistical methods were used to examine potential differences in covariates by chronic disease burden group, including chi-squared tests for categorical variables and one-way analysis of variance (ANOVA) for continuous variables. Then, general linear modeling was used to model the relationship between chronic disease burden group and each of the eight QOL subscales. Crude mean scores and 95% confidence intervals (CIs) for each disease burden group were generated using ANOVA. Multivariable general linear models were used to determine the relationship between chronic disease burden and each QOL subscale as well as calculate estimated mean scores for each QOL subscale after controlling for potential confounders and covariates of the outcome. Adjusted mean scores (estimated marginal means) and 95% CI were generated for these multivariable models and reflect the mean QOL subscale score for each chronic disease burden group adjusted for all other variables included in the model. Data were analyzed using SPSS 16.0. P-values \ 0.05 indicate statistical significance.
Results
Demographic characteristics and chronic disease burden of the study sample are provided in Table 1 . Participants were 58.1 years of age on average (range 27-96), mostly White (92.0%), married (68.3%), had at least a high school education (95.4%), and had health insurance (97.2%). Chronic disease burden scores ranged from 0 to 8. Chronic disease burden was categorized for subsequent analyses into three categories: 0, 1, 2 or more (2?) based on the distribution of scores in the study population as well as for comparison to other studies of comorbidity and QOL among cancer survivors [6] . Sixty-six percent of survivors had a disease burden score of 0, 17% had a score of 1, and 17% had a score of 2?.
Unadjusted mean scores for each QOL subscale for the total study sample at 1 year post-diagnosis are shown in Fig. 1 . Mean scores for the physical subscales were generally lower than mean scores for the emotional or social functioning subscales.
As shown in Table 2 , there were significant differences in socio-demographics, clinical factors, access to medical care, psychosocial factors, and cancer-related behavioral risk factors across disease burden categories. Women with higher chronic disease burden were more likely to be nonWhite, older, unmarried, less educated, unemployed, have less adequate income, and have reduced access to medical care based on characteristics measured. In addition, women with higher chronic disease burden had more depressive symptoms, higher levels of perceived stress, lower levels of social support, a greater burden of surgery side effects, and were less likely to receive chemotherapy and radiation treatments. Higher chronic disease burden was also associated with no physical activity in the past month and higher BMI but with lower alcohol use per day.
Using general linear regression models, we calculated crude and adjusted means for each RAND-36 QOL subscale by chronic disease burden group (Table 3) . For each QOL subscale, higher disease burden was significantly associated with lower mean QOL score in unadjusted analyses (P \ 0.001). Survivors with a chronic disease burden score of 2? had significantly lower unadjusted mean subscale scores than survivors with a score of 0 for general health status, physical functioning, role limitations due to physical problems, energy-fatigue, pain, emotional well-being, role limitations due to emotional problems, and social functioning. After adjustment for potential confounders, chronic disease burden was no longer significantly associated with emotional well-being (P = 0.158) or role limitations due to emotional problems (P = 0.267). However, chronic disease burden was still significantly associated with each of the physical and social functioning subscales even after adjustment for all covariates, although differences in the adjusted mean scores were reduced.
Discussion
At 1 year post-diagnosis, greater chronic disease burden was significantly associated with lower QOL mean scores for all eight domains in unadjusted analyses. Even after adjusting for a large number of relevant covariates, six of the eight QOL domains remained significantly associated with greater chronic disease burden. These findings highlight the impact of a breast cancer survivor's underlying health on physical and social domains of QOL post-diagnosis and suggest the need to consider chronic health conditions as an 
Chronic disease burden score important contextual characteristic of the patient during survivorship. Our findings are largely consistent with previous research linking chronic disease to aspects of QOL among cancer survivors [6, 15, 40, 41] . However, a few of these studies examining the influence of comorbidity on QOL among cancer survivors were limited by their focus on older adults, use of different methods for assessing and ''counting'' comorbidity, not sufficiently controlling for potential confounders, and/or use of diverse measures of QOL (some including activities of daily living, instrumental activities of daily living, or performance status). Other studies focused on global or summary component measures of QOL or included a variety of cancer types together in their analyses, which might mask important associations between chronic disease burden and particular domains of QOL [6, 15, 41] . Perhaps to date, the most specific examination of the influence of comorbidity on QOL among cancer survivors was reported by Smith et al. [6] . Using the large sample of cancer survivors from the Surveillance, Epidemiology, and End Results-Medicare Health Outcomes Study (SEER-MHOS) data linkage, they reported on PCS and MCS scores by cancer site (for breast, prostate, colorectal, and lung cancers) and by time since diagnosis (0-1 year, 1-5 years, and 5? years). Twelve common chronic health conditions were assessed as part of the MHOS. Approximately 85% of their overall sample had one or more of these chronic health conditions, and the average age was over 75 years. Their analysis showed that among breast cancer survivors 65 years of age and older within 1 year of diagnosis, women who had two or more comorbidities had lower physical and mental component summary scores on the SF-36. Unfortunately, they had a limited number of confounding variables for which they were able to control, and by focusing on component summary scores of the SF-36, they potentially missed important differences in QOL domains that might lead to important clinical and behavioral intervention points for breast cancer patients at 1 year post-diagnosis. Our findings extend findings by Smith et al. by examining QOL in a sample that included younger, generally healthier, breast cancer survivors. We examined chronic disease burden using a validated measure that incorporates both presence of disease as well as severity rather than a simple enumeration of chronic conditions. We also add to the literature on comorbidity and QOL among breast cancer survivors by examining QOL domains separately. We found that chronic disease burden primarily impacts physical and social functioning domains of QOL compared with emotional domains, even after controlling for a broad range of other explanatory variables. Identifying which QOL domains are affected by existing health conditions is important for designing interventions to improve QOL for cancer survivors. In addition, most differences in adjusted mean scores are greater than minimally important differences (2-5 points) that have been previously reported [42] . Only the differences in energy-fatigue by chronic disease burden group did not fall above the minimally important difference range of 2-5 points. This indicates that differences in QOL scores by chronic disease burden group are likely to be clinically meaningful suggesting that cancer survivors with chronic conditions may require ongoing surveillance and follow up care to prevent deficits in physical and social functioning even after treatment ends. The finding that greater chronic disease burden is associated with deficits in physical and social functioning domains, but is not highly correlated with emotional domains is interesting. With the emotional subscales unadjusted differences in scores between disease burden groups were eliminated after controlling for clinical and psychosocial factors indicating that factors such as breast symptoms, depression, mental distress, or anxiety can explain the observed relationship between disease burden and emotional QOL domains [43] . On the other hand, with the physical and social domains differences in QOL that remained after controlling for the wide range of covariates that we assessed might indicate that precancer functioning or functioning at diagnosis might be important to functioning and QOL at 1 year post-diagnosis, that effects of treatment in the first year combined with higher chronic disease burden have significant impact on physical and social functioning, or that the physiologic impact of chronic disease burden on QOL plays a significant role in predicting QOL above and beyond other socio-demographic, clinical, behavioral, and psychosocial factors. It will be important to determine how these different mechanisms might be related to specific QOL subscales such as physical functioning, role limitations due to physical problems, and general health.
Our study has a few limitations worth noting. The response rate to the overall survey was low at 35.2%. We found that nonparticipants were more likely to be older, African American, and to live in the northwest part of Missouri than women who participated in the study. We might also speculate that nonparticipants were sicker overall either due to their cancer or other health conditions. Since breast cancer survivors who are older and African American may be more likely to have high chronic disease burden, we may have underestimated the effect of chronic health conditions on QOL among breast cancer survivors. We also did not have information about QOL before cancer diagnosis or at the time of diagnosis and were unable to separate out the effects of pre-existing deficits in functioning from those induced by breast cancer treatments. Also, although comorbidity measures, such as the Katz self-report instrument, are increasingly used in survey studies and have been shown to be accurate assessments of chronic health conditions [27] , several common conditions that may impact QOL domains are not currently included in this comorbidity index. Common chronic conditions such as osteoarthritis, back pain, and hypertension are less directly related to mortality, but would greatly impact QOL, particularly physical functioning. In addition, selfreported comorbidity measures typically ask about the presence and severity of a condition (based on treatments or complications), but do not capture the patient's perception of the burden of these comorbidities on their functioning or QOL nor allow us to identify physiologic aspects of the comorbidities that would directly impact physical functioning. This might be a particularly important distinction when considering QOL outcomes [44] and should be considered in future studies. Finally, we observed that there was a great deal of variability around the unadjusted and adjusted mean QOL scores for cancer survivors with chronic health conditions (1 or 2?) which may be due to the variability in perceptions of the impact of these health conditions on QOL or variability in treatments received for these conditions. Despite these limitations, we have provided new evidence that chronic disease burden is an important correlate of QOL at 1 year post-diagnosis for female breast cancer survivors. Our results support the continued examination of chronic health conditions as an important contextual characteristic of cancer survivors. In addition, we have shown that chronic disease burden is strongly related to physical components of QOL but less so to emotional components of QOL. These findings have significant clinical implications for the care and recovery of breast cancer patients. Processes of care for cancer survivors must include the assessment and evaluation of chronic health conditions not only at the time of cancer diagnosis and treatment, but also as part of ongoing medical surveillance of cancer patients to identify progression of existing conditions as well as the development of new ones. Whether the decrements in the physical aspects of QOL that we observed improve over time or are further impacted by additional newly diagnosed conditions are important questions that still need to be addressed in long-term cancer survivorship studies. In addition, the impact of low physical and social functioning on breast cancer survivors' risk of recurrence or survival has yet to be studied. Improved planning and coordination of health care between the oncologist/surgeon and primary care physician will address existing and emerging health issues of survivors. In addition, cancer researchers must continue to study the impact of chronic health burden on QOL particularly in defining those chronic health conditions that are predictive of QOL outcomes at different points on the survivorship continuum and the impact of those conditions over time so that researchers and physicians can identify modifiable targets for intervention at different phases of cancer recovery resulting in better short and long-term physical and mental health outcomes for all breast cancer survivors.
